Saccharomyces cerevisiae. Thus, our results shed light on certain similarities and differences of the PKA pathway of S. japonicus compared to the budding yeasts and confirmed the multifunctionality of the pka1 gene, but further experiments are needed to prove its involvement in the metabolic processes and transport.
Introduction
The cAMP cascade and the protein kinase A (PKA) gene play an important role in several biological processes, such as switching from yeast-to-hyphal morphology and virulence of the pathogenic fungi, but it can also be associated with human diseases (Roux et al. 2006; Pan and Heitman 1999; Chevtzoff et al. 2005; Shaikh et al. 2012 ). Thus, a study of molecular details of this cascade may have important implications for basic and applied sciences, including many human research interests, e.g., inhibitors of kinases, antifungal drug targets and diseases caused by pathogenic fungi (Taylor et al. 2008; Veide et al. 2014) . In contrast, the details of the cAMP cascade and its evolutionarily conserved and species-specific features are not totally clear. Its central regulator PKA is especially interesting in different species, namely, PKA exists as a tetrameric holoenzyme comprising two catalytic and two regulatory subunits (Taylor et al. 2008) , but the number of catalytic subunit genes and their functions can vary in different species. The Saccharomyces cerevisiae genome contains three TPK genes, TPK1, TPK2 and TPK3 (Toda et al. 1987) . These Tpk isomers are functionally redundant for cell viability, but they regulate different processes. Tpk1p is required for amino acid biosynthesis and Tpk2p regulates iron uptake Abstract The cAMP cascade plays an important role in several biological processes. Thus, study of its molecular details can contribute to a better understanding of these processes, treatment of diseases, or even finding antifungal drug targets. To gain further information about the PKA pathway, and its evolutionarily conserved and speciesspecific features, the central regulator pka1 gene, which encodes the cAMP-dependent protein kinase catalytic subunit, was studied in the less known haplontic, dimorphic fission yeast Schizosaccharomyces japonicus. Namely, this species belongs to a highly divergent phylogenetic branch of fungi. Furthermore, S. japonicus had only a single copy pka1 gene in contrast to the budding yeasts. Therefore, the pka1 deleted mutant was created, whose RNA sequencing and phenotypic studies revealed that the Pka1 regulated at least 373 genes, among them further kinases, phosphatases and transcriptional regulators. It regulated elongation of hyphae, cell size, aging and stress response. Furthermore, half of the pka1 target genes seemed to be conserved in Schizosaccharomyces pombe and S. japonicus. However, there were oppositely regulated genes in the two closely related species. The target genes suggest that this single gene must be able to fulfill all the functions of TPK1-3 of and water homeostasis, while Tpk3p is involved in decreasing the levels of mitochondrial enzymes (Robertson et al. 2000; Pokholok et al. 2006; Chevtzoff et al. 2005) . At the same time, all of them regulate filamentous growth (Pan and Heitman 1999; Toda et al. 1987) .
In Candida albicans, there are only two protein kinase A isoforms. They share redundant functions in growth and hyphal development, though they differentially regulate stress response or carbohydrate metabolism (Bockmühl et al. 2001; Giacometti et al. 2009 ).
Unlike budding yeasts, fission yeasts contain only one pka1 gene. Deletion of S. pombe's pka1 modifies survival and mating, the stress processes and N-metabolic pathways (Okazaki et al. 1998; Oowatari et al. 2009; Roux et al. 2006; Liu et al. 2015) . This gene is involved in the regulation of growth polarity and trehalose accumulation (Ribeiro et al. 1997; Koyano et al. 2010) .
At the same time, the role of pka1 gene in dimorphism is not known in this highly divergent phylogenetic branch of fungi, as Schizosaccharomyces pombe is not a dimorphic species. It shows mycelium-like growth only under very special circumstances (Amoah-Buahin et al. 2005) or when mutations are generated in certain genes (Grallert et al. 1999) .
Since, the closely related S. japonicus can grow both as a unicellular yeast and as a multicellular filamentous organism and unlike budding yeasts, the high cAMP level inhibits its yeast-to-hypha transition (Sipiczki et al. 1998a, b; Sipiczki 2000; Niimi et al. 1980; Zaragoza and Gancedo 2000) , we decided to investigate the S. japonicus's pka1 gene. Our aim was to characterize this gene, reveal its target genes and exact role in dimorphism, identify the evolutionarily conserved genes of mycelial growth and elucidate PKA functions in other cellular processes. Furthermore, its peculiarities raised the question as to whether the single protein kinase A of S. japonicus performed all the functions of the multiple protein kinases of the budding yeasts.
Materials and methods

Strains
The wild-type fission yeast S. japonicus var. japonicus 7-1 was obtained from the Slovak Collection of Yeasts, Bratislava, (Yukawa and Maki 1931) (CCY-44-5-1, CBS354, ATCC10660) . The pka1Δ (150) strain was created in this study.
Media
YPL: 2 % glucose, 1 % Scharlau casein tryptic peptone, 1 % yeast extract, pH 6.7-6.9. YPA: YPL +2 % agar. YEL: 1 % yeast extract (Scharlau, 07-079-500), 3 % glucose (VWR). YEA: YEL + 2 % agar. EMMA: (Mitchison 1970) . EMMA*: EMMA + 10× vitamin.
Vector
For cloning the pka1 gene, the pJET1.2 cloning vector was used according to the manufacturer's protocol (Thermo Scientific K1231).
Construction of the pka1Δ strain
Steps of deletion are presented in Fig. 1 , where Phusion High-Fidelity DNA Polymerase and Thermo Scientific restriction enzymes were used. The KanMX gene was amplified from the pSJK11 vector (Aoki et al. 2010 ). 
Integrative transformation
The electroporation protocol (Prentice 1992 ) was used with slight modifications. Cells were grown in 50 ml YPL until OD 595 :0.4 was achieved. We added hydroxyurea (HU) to the cells (final concentration was 13 mM/dm 3 ) to arrest the cells in the S-phase and the cultures were incubated at 30 °C for 2 h. Cells were harvested by centrifugation and washed with sterile water (3 times) and with 1 M/dm 3 sorbitol (2 times). The cells were resuspended in 200 µl 1 M/ dm 3 sorbitol, and 10 µl of 1200 ng/µl PCR product was added to it. The suspension was used for electroporation (2300 V on 200 Ω) (BioRad XCell Pulser). 1 ml of 1 M/ dm 3 ice-cold sorbitol was added to the cells and they were transferred into 50 ml YPL and incubated overnight. All cells were spread onto YPA containing 400 µg/ml of G418 and incubated at 30 °C. Single G418 resistant colonies were isolated.
Colony PCR
Localization of kanamycin cassette was checked by colony PCR. Tiny amounts of cells were placed at the bottom of a PCR tube with the tip of a sterile toothpick. The cells were heated at 95 °C for 5 min and used as a template in the PCR reaction.
Bioinformatic methods
Schizosaccharomyces japonicus pka1 gene was searched in the Database of Broad Institute (http://www.broadinstitute. org) (Rhind et al. 2011) , whose data have since been relocated to the FungiDB (http://fungidb.org/fungidb/). Searching for orthologous proteins of the S. japonicus Pka1 protein was based on the reciprocal best BLAST hit method in the Candida, Saccharomyces and S. pombe databases (http:// www.candidagenome.org/), (http://www.yeastgenome.org/) and (http://www.pombase.org). Later, these sequences were used in pairwise sequence comparison (NCBI BLAST2p) (http://blast.ncbi.nlm.nih.gov).
The down-and upregulated genes in the pka1Δ mutant (see below) were identified in the Database of Broad Institute according to their chromosomal location. The predicted functions of the genes were determined in the Database of Broad Institute by automated genome annotation. GO (Gene Ontology) numbers of the genes were identified using their orthologues in the S. pombe database (http:// www.pombase.org).
RNA isolation and sequencing
Three biological replicates of the wild-type and pka1Δ strains were cultivated at 30 °C in YEL overnight and total RNAs were isolated from the cultures . The RNAs were purified with Qiagen RNeasy mini spin columns (Qiagen cat. no. 74104). cDNA libraries were generated from 1 μg total RNA using the TruSeq RNA Sample Preparation kit (Illumina) according to the manufacturer's protocol. Single-read 50 bp sequencing was performed with a HiScan SQ instrument (Illumina), the sequencing data were aligned to the Sch. japonicus reference genome (http://www.broadinstitute.org) and the FPKM values (fragments per kilobase of exon per million fragments mapped) were generated using the TopHat and Cufflinks algorithms (Trapnell et al. 2009 ). Library preparations were done by UD-GenoMed Medical Technologies Ltd.; the transcriptome sequencing and basic bioinformatic analysis was performed at the Genomic Medicine and Bioinformatic Core Facility of the University of Debrecen.
Measurement of cell size
Cells were incubated on YEA at 25 and 30 °C for 1 day and a cell suspension was prepared in sterile water. 70-70 cells were measured under a microscope (Olympus BX40) and the average cell sizes were calculated.
Stress response
The wild-type and mutant cells were grown at 30 °C in YPL overnight. 20 µl of the undiluted culture (OD 595 : 0.2) and its dilutions (10×, 100×, 1000×) were spotted on YPA supplemented with various concentrations of KCl (0.75 and 1 M), glucose (5, 10, 20 %) and caffeine (5, 7, 10 mM). The plates were incubated at 25, 30 and 37 °C and growth of cells was investigated after 3 days.
Effect of ZnSO 4 on cell morphology: Cells were cultured on YPA supplemented with 5 mM ZnSO 4 at 30 °C. After 3 days, the morphology of the cells was photographed.
H 2 O 2 sensitivity: 50 ml of an overnight culture (OD 595 :0.7) was centrifuged and washed with sterile water.
1 3 30 ml sterile water was added to the cells and this suspension was divided into 3 × 10 ml. H 2 O 2 was added to the cultures (final concentrations were 5, 20 and 40 mM) and the cells were incubated at 30 °C for 1 h. The cells were centrifuged and 10-10 ml sterile water was added to the pellets. 20 µl samples were dropped onto the YEA medium, the plates were incubated at 30 °C and the cell growth was investigated after 3 days.
Long-term survival assay: Wild-type and mutant cells were cultured in YEL at 30 °C in a shaker and the same amount of cells was spread onto YEA after 7 days. The Petri dishes were incubated at 30 °C and the ability of colony formation was checked after 3 days. The results are the mean values of three separate experiments. In another case, the cultures were incubated at room temperature without shaking for 1 month and the cells were photographed.
Assay of sporulation
Cells were grown at 30 °C in 5 ml YPL with shaking and the sporulation was investigated after 1 day under a microscope.
Yeast-to-hypha transition
pka1Δ and wild-type cells were streaked on YEA, YPA, EMMA and EMMA* (pH 4-8) and incubated at 25, 30 and 37 °C. After 7-10 days, the length of the mycelial zone was investigated. To calculate the length of mycelial zone, the cells were stuck at one point of the media and were incubated at 30 °C. After 7 days, the diameters of the mycelial zones were measured. To study dimorphism under hypoxic conditions, cells were incubated at 30 °C in hypoxia chambers, which contained 5 % CO 2 .
Results
Construction of the pka1Δ strain
To find the pka1 gene of S. japonicus, a search was carried out in the S. japonicus database, which contained only one gene (SJAG_04312.5) coding for protein kinase A. Its putative counterparts were identified in other yeast species, such as S. pombe, S. cerevisiae and C. albicans by reciprocal best-hit Blastp searches in the databases. The search and the pairwise alignments revealed that the pka1 of S. pombe and TPK genes of C. albicans and S. cerevisiae could be its homologues (data not shown) and the TPK2p of S. cerevisiae was the most similar protein (identities: 201/321-63 %; positives: 252/321-78 %; E: 2e-157).
To reveal the exact function of the pka1 gene, deletion was created in the coding region of the gene by several steps (Fig. 1a) and this construction was then transformed into the wild-type cells to replace the wild-type chromosomal pka1 gene with it. G418-resistant colonies were isolated and checked for the presence and localization of the kanamycin cassette. Since homologous (Fig. 1b) and non-homologous recombinants (Fig. 1c) were found after the integrative transformation, a homologous recombinant colony was further investigated.
The S. japonicus pka1-deleted cells are viable, have longer cells and show abnormal dimorphism
The transformant cells were viable and showed normal morphology but with somewhat increased cell length both at 25 °C (Fig. 1e) (pka1Δ-12. 4 μm, wild-type-10.1 μm) and at 30 °C (pka1Δ-13.17 μm, wild-type-11.34 μm). Since the three S. cerevisiae TPK genes had different roles in mycelial growth (Robertson and Fink 1998) , production of hyphae was also tested in the pka1Δ mutant. Figure 2 demonstrated that, compared to the wild type, the mutant strain produced short mycelial zone (Fig. 2b) . Similar results were obtained at pH 4-8 and at all temperatures (25, 30, 37 °C) examined (data not shown) and when for example diameters of the mycelial zones were measured (diameters: pka1Δ-8 mm, wild-type-13 mm). At the same time, it was also clearly visible that the true hyphae preserved strong vacuolization, similarly to the wild-type hyphae (Fig. 2i) (Sipiczki et al. 1998a) .
Since the yeast-to-hypha transition was influenced by various environmental cues (reviewed in Biswas et al. 2007; Sipiczki et al. 1998a, b) , the mycelial growth of pka1Δ was also investigated under different environmental conditions. Poor nutritional condition (EMMA) strongly inhibited its mycelial growth (Fig. 2d) , which could slightly be overridden by a higher amount of vitamin (EMMA*) (Fig. 2f) .
The presence of 5 % CO 2 strongly induced pseudohyphal development in Candida (reviewed in Biswas et al. 2007) ; thus, the effect of CO 2 pressure on hyphal growth was also tested. Our results showed that mutant cells were able to sense the higher CO 2 pressure, but, interestingly, it inhibited the mycelial growth of pka1Δ, contrary to Candida (Fig. 2h) . However, morphological transition could happen even under these special conditions (Fig. 2d1, h1) ; thus we supposed that it was the elongation of hyphae that was inhibited in the mutant and not the switch.
RNA sequencing revealed targets and multifunctionality of the pka1 gene
To identify the genes which could be involved in dimorphism and regulated by Pka1p, RNA sequencing was carried out from the pka1Δ and wild-type cells. 373 genes and ORFs were up-or downregulated greater than twofold in the pka1Δ cells compared to the wild-type strain (Fig. 3a) ( Table S1 ). The predicted functions of the affected genes were determined. They confirmed that pka1 regulated dimorphism. However, just a small portion of the targets were involved in dimorphism, namely, just a few orthologues of the known Candida dimorphic genes, which were listed in (Biswas et al. 2007; Nantel et al. 2002; Harcus et al. 2004) , were found among the target genes (Table 1) . However, other genes can also be involved in dimorphism, such as cell wall genes (e.g. SJAG_01290-Gas1, SJAG_00218-Gas5, SJAG_04864-Asl1 and SJAG_01017-Eng2 endo-1,3-beta-glucanase) or cytokinesis genes (e.g. SJAG_03374-Spn4, SJAG_03379-Cyk3). Since the majority of the filament-associated genes were upregulated in the mutant strain, we suppose that Pka1 can be their negative regulator.
Further, target genes suggest that Pka1p is strongly associated with metabolic processes, carbohydrate metabolism and transport. It regulates translation, modification of proteins, meiosis, mitochondrion organization, oxidative stress, aging and ribosome biogenesis (Fig. 3b) (Table S1) . Since several regulator genes were also found among the pka1's targets (Table 2) , it can be assumed that Pka1p performs its function both by direct and indirect regulation of the activity of other genes. Interestingly, Pka1p regulated even the Cgs1p (Table 2) , whose orthologue is a component of the Cgs1-Pka1 complex in S. pombe (Gupta et al. 2011) and where the pka1 deletion did not affect the mRNA level of the cgs1 gene (Liu et al. 2015) . Consistently, the orthologues of those S. pombe genes which had genetic or physical interactions with S. pombe's Pka1p (http://www. pombase.org/) were not found among the targets (data not shown).
Evolutionarily conserved pka1-regulated genes in the fission yeast group
Since the pka1-regulated genes are also known in S. pombe (Liu et al. 2015) , we compared them in the two related species. The comparison revealed that 181 proteins (123 upregulated and 58 downregulated) were conserved in the two related fission yeasts (Fig. 3c) (Table S2 ). This indicates that the signal-transducing pathways, in which these proteins are involved, are mostly similar in the two species. However, there were Pka1 targets which were regulated in an opposite manner in S. japonicus (Fig. 3c) (Table S2 ) (Liu et al. 2015) .
Phenotypic validation of RNA sequencing data
To validate the involvement of pka1 in the different processes, suggested by the functions of the target genes ( Fig. 3b) (Table S1 ), a further phenotypic characterization of mutant cells was carried out. Since the deletion of the pka1 gene in S. pombe increased longevity (Roux et al. 2006) , and the target gene SJAG_03974-ecl2 was involved in chronological aging (Azuma et al. 2009 ), the colony formation ability and survival of stationary-phase cells were examined. The results confirmed the relation between pka1 and aging, namely, both colony formation ability of the 7-day-old cells (number of colonies: wild type 291, pka1Δ 63) (Fig. 4a, b) and viability of the 1-month-old cells were significantly lower in the mutant than the wild-type strain (Fig. 4c, d ). SJAG_02968 zinc ion transporter and meiotic genes (GO:0051321) also appeared among the data of RNA sequencing; therefore, the effect of ZnSO 4 and sporulation ability were checked. These experiments revealed that the mutant cells had increased sporulation ability (Fig. 4f) , similarly to the S. pombe mutant (Maeda et al. 1994) , while the ZnSO 4 caused abnormal morphology in the pka1Δ cells (Fig. 4h) .
Orthologues of S. pombe's stress genes, such as pap1/ caf3, which was associated with caffeine resistance (Benko et al. 2004) , and the trr1, trx1, gst1, gpx1 oxidative stress genes (they are regulated by pap1 in S. pombe) were also found among the targets (Cho et al. 2002; Chen et al. 2003) . To find out whether S. japonicus pka1 was also involved in stress-response processes, the pka1Δ mutant cells were exposed to various stress conditions. We found that the pka1Δ cells were more sensitive than the wild-type cells to H 2 O 2 treatment (Fig. 5b) , pH 4 and pH 8 (Fig. 5j,  n) , and lower or higher temperatures (Fig. 5p, t) . They did not tolerate the presence of high concentrations of KCl, caffeine and 5 % glucose (Fig. 5d, f, h ). pH 7 and 30 °C seemed to be the optimal growth conditions for the mutant cells (Fig. 5l, r) . These results confirmed that pka1 also regulates stress processes in S. japonicus.
Discussion
The cAMP-PKA is an evolutionarily conserved pathway and regulates a broad diversity of biological processes in eukaryotic organisms (Ho and Gasch 2015) . Its mutation can be associated with different human diseases, such as lung cancer (Shaikh et al. 2012) or adipogenic differentiation in osteoblasts (Zhang et al. 2014) . It is also involved in the virulence of fungal pathogens and in their filamentation (reviewed in Biswas et al. 2007; Perez-Nadales et al. 2014) .
To reveal further details of the PKA pathway, its central regulator gene (protein kinase A catalytic subunit) was investigated in the haplontic, dimorphic fission yeast S. japonicus, which belongs to the early-branching clade of ascus-forming fungi (Sipiczki 2000) . This species is distantly related to the Saccharomyces or Candida species and can be used to detect the common and species-specific features of the pka1 function. Our aim was to characterize this gene and reveal its target genes and its exact role in dimorphism. We wanted to elucidate its functions in other cellular processes.
To this end, the putative pka1 gene was identified. This search revealed that S. japonicus has only a single pka gene (SJAG_04312.5), in contrast to budding yeasts (Toda et al. 1987; Bockmühl et al. 2001) . Its bioinformatic analysis confirmed that Pka1p was a counterpart of the TPK proteins of the budding yeasts and it had the highest similarity to the S. cerevisiae TPK2p (data not shown). Later, to reveal the exact function of this gene, the pka1 deleted mutant strain was created (Fig. 1a) which was subjected to phenotypic investigation and RNA sequencing analysis. Its study revealed a number of similarities and differences compared to the pka1 genes of other species. S. japonicus Pka1p was involved in mycelial growth (Fig. 2b) , and the mutant phenotype resembled the TPK2 mutants of budding yeasts (Bockmühl et al. 2001; Robertson and Fink 1998; Giacometti et al. 2011) . Our results also showed that the structure and vacuolization of pka1Δ hyphae were normal (Fig. 2i) . Mycelial growth of the mutant strain was sensitive to the environmental conditions (Fig. 2d, h) , similarly to the wild-type hyphae (reviewed in Biswas et al. 2007; Sipiczki et al. 1998a, b) , and its sensitivity to the elevated CO 2 concentration confirmed the link between cAMP signaling and CO 2 /HCO 3 sensing found by Klengel in C. albicans (Klengel et al. 2005) . At the same time, Fig. 2d1, h1 suggest that it was the elongation of hyphae and not the morphological switch that was inhibited in the absence of pka1. In accordance with this, orthologues of the known Candida filament-associated genes (Biswas et al. 2007; Nantel et al. 2002; Harcus et al. 2004) were also identified (Table 1) . We presumed that these genes could be the common participants of PKA-cAMP signaling and dimorphism, independently of the species. Interestingly, mRNA levels of the genes were mostly increased in the mutant cells, which suggested that Pka1p could be rather a negative regulator of dimorphism (Table 1) .
Further results shed light on the multifunctionality of Pka1p, similarly to several distantly related species (Maeda et al. 1994; Bockmühl et al. 2001; Hu et al. 2007; Giacometti et al. 2009; Gupta et al. 2011; Liu et al. 2015) . Both the target genes and phenotype of the mutant strain suggested that pka1 also regulated stress processes (Fig. 5 ) and affected aging, sporulation (Fig. 4) and cell length (Fig. 1e) (Table   S1 ) (Roux et al. 2006; Oowatari et al. 2009; Gupta et al. 2011) . However, S. japonicus pka1 deletion decreased viability in contrast to S. pombe pka1 mutant (Roux et al. 2006) . These processes could be regulated directly or indirectly, as several further regulators were found among the target genes (Table 2) . Interestingly, Pka1p regulated even the Cgs1p (Table 2) , whose orthologue was a component of the Cgs1-Pka1 complex in S. pombe (Gupta et al. 2011) . Since the pka1 deletion did not affect mRNA level of the cgs1 gene in S. pombe (Liu et al. 2015) , we suppose that this "autoregulation" of S. japonicus is probably linked to its dimorphism.
Additionally, our results suggested that a significant part of the target genes ( Fig. 3c) (Table S2) (Liu et al. 2015) could be evolutionarily conserved within the Schizosaccharomyces genus. However, there were oppositely regulated genes in the two species (Fig. 3c) (Table S2) . . Growth on YPA + 1 M KCl at 30 °C, pH 7: wt (c), pka1Δ (d) (plates incubated at 25 and 37 °C were similar). Growth on YPA + 5 mM caffeine at 30 °C, pH 7: wt (e), pka1Δ (f) (plates incubated at 25, 37 °C were similar) (plates with 7 and 10 mM caffeine at 25, 30, 37 °C were also similar). Growth on YPA + 5 % glucose, pH 4, at 30 °C: wt (g), pka1Δ (h) (plates with 10 and 20 % glucose were similar). Growth in different pH values at 30 °C on YPA: pH 4 wt (i) and pka1Δ (j), pH 7 wt (k) and pka1Δ (l), pH 8 wt (m) and pka1Δ (n). Growth at different temperatures on YPA, pH 7: 25 °C wt (o) and pka1Δ (p), 30 °C wt (q) and pka1Δ (r), 37 °C wt (s) and pka1Δ (t). Cell concentrations in the experiments from top to bottom: OD 595 :0.2 and its ×10, ×100, ×1000 dilutions A high number of the targets (373) (Fig. 3a) , which is higher than the number of TPK1-3 targets in S. cerevisiae (TPK1: 256, TPK2: 29, TPK3: 79) (Ptacek et al. 2005) , and appearance of those homologous genes and functions which are differentially regulated by TPK genes (e.g., APE2, TRX1 (regulated by TPK3), HSP82 (regulated by TPK1 and TPK3) and CMK1 (regulated by TPK2) (Bockmühl et al. 2001; Giacometti et al. 2009; Ptacek et al. 2005; Kang et al. 2014) suggest that the single copy pka1 of S. japonicus can be able to regulate all the processes that are regulated by the different TPK genes of budding yeasts.
Taken together, our results revealed the target genes and processes regulated by pka1, shed light on certain similarities and differences of the PKA pathway of fission yeast compared to the budding yeasts and confirmed the multifunctionality of the pka1 gene. However, further experiments are needed to prove its involvement in the metabolic processes and transport. These data can lead to a better understanding of dimorphism and virulence of pathogenic fungi and molecular mechanisms of the evolutionarily conserved PKA pathway.
